Introduction
Overweight and obesity represent a major public health problem, both of which have social and economic implications. [1] [2] [3] [4] [5] [6] According to the World Health Organization, 7 obesity is defined as "abnormal or excessive fat accumulation that may impair health". One of the major potential consequences of obesity is worsening of quality of life (QoL). 8, 9 QoL represents a subjective assessment of a large spectrum of life domains. 10 Obese people can experience impairments in their daily lives that are specifically linked to obesity and affect their QoL, 11, 12 resulting in so-called "weight-related quality of life (WR-QoL)". 9, 14 In addition, it is well known that individuals who have previously lost weight have difficulty in maintaining their weight loss on a long-term basis. 15, 16 In this context, researchers like Fontaine and Barofsky argue that obesity management should focus more on monitoring the patient's health and preventing further ill health, rather than curing their obesity, 14 thus supporting the view that new therapeutic targets should aim to improve the QoL of obese individuals.
Despite the strength and consistency of the relationship between BMI and QoL, several studies have shown that a decrease in BMI is not necessarily associated with an improvement in QoL. 17, 18 Other studies have found between-subjects variability in the relationship between BMI and QoL, 19, 20 which indicates the existence of mediators and moderators in the BMI-QoL relationship.
Baron and Kenny 21 defined mediation as "a hypothesized causal chain in which one variable (X) affects a second variable (M) which, in turn, affects a third variable (Y)". MacKinnon et al 22 stated that "A mediating variable transmits the effect of an independent variable on a dependent variable". A moderator variable is one that alters the nature of the strength of the relationship between an independent variable and an outcome variable. 21 Specifically, when conducting an analysis of moderation, one seeks to determine whether the direction and/or the strength of a causal variable, X, on the outcome variable, Y, depends on another variable, the moderator. Thus, while a mediator variable explains the relationship between two other variables, a moderator influences the direction and/or strength of the relationship between two other variables. 22 Contemporary methodologists assert that an analysis that focuses only on moderation or mediation is incomplete; combining mediation and moderation analyses is highly recommended. 23, 24 Identifying the mediators and moderators of the BMIQoL relationship represents a major public health challenge, which may lead to new interventions for the management of the health of overweight and obese individuals. 24 The goal is to improve their QoL without necessarily or specifically changing their BMI.
This study focused on body image (BI), a multidimensional construct that includes a self-perception component and feedback from other people's perceptions of oneself. 25 A large proportion of overweight and obese people underestimate their weight and believe themselves to be healthier than they actually are. 26, 27 This distortion regarding body weight perception is known as body image discrepancy (BID). 28 Herman et al 29 reported that objectively overweight adults who perceived themselves as overweight had poorer self-assessed health and lower general life satisfaction. As obesity levels continue to rise, it is paradoxical that weight control and thinness are regarded by the society as gold standards, which results in weight standards that are difficult to achieve or unrealistic. 30, 31 In this context, a subjective norm (SN) which is the perceived social pressure to engage or not with a behavior, can become salient. The effect of SN is influenced by the importance each individual places on their appearance in the eyes of others; this can increase when others stigmatize overweight and obese people, which can strengthen the discrepancy between a person's desire and their actual body weight. 32 This distortion is hypothesized to cause psychosocial stress, which can affect QoL. 31 It also suggests that BID and SN, two components of BI, may mediate or moderate the relationship between BMI and QoL.
This study examines the role of BID and SN in the mediation/moderation of the relationship between BMI and QoL.
Materials and methods study design
A survey was conducted in Wallonia in Belgium as part of a larger project known as EDUDORA² (which, translated from French, is the abbreviation of "therapeutic and preventive education against diabetes and obesity in adolescence and adulthood"). 33 This project focused on therapeutic patient education regarding two metabolic disorders: diabetes and obesity. In particular, EDUDORA² aimed to 1) improve the quality of diabetes and obesity prevention programs for adolescents and adults using a multidisciplinary approach focused on therapeutic patient education and 2) synergistically involve primary and secondary health care professionals.
A sustained multimedia campaign was organized to recruit participants. 34 Information folders and leaflets were prepared and a large network of recruiters that promoted the survey was involved. The promotion of the survey was based on the nonstigmatizing slogan, "Whatever your weight, your opinion will count". Volunteers were invited to complete a web-based questionnaire involving 31 items, which covered the following topics: demographic, socioeconomic, and anthropometric characteristics, QoL, obesity-related life experiences, expectations about weight management, and other psychosocial issues related to obesity.
The ethics committee of the University Hospital of Liège (Comité d'Ethique Hospitalo-Universitaire de Liège, Belgium) determined this study was exempt from review and did not oppose the undertaking of the study; and as the collected data were anonymous they did not require that written informed consent be obtained. Patient consent was assumed in view of the voluntary participation of the respondents and the lack of any pressure to participate. Methods to avoid stigmatization were taken into account as described in a previous paper. 34 
sample
A community-based sample of 4,155 adults ($18 years) was recruited, covering a wide range of BMI values, including respondents of normal weight. Of the 4,155 subjects who responded to the web-based questionnaire, 3,016 (72.6%) were eligible to be included in the study based on the completeness of their responses. 
Measures Body mass index

Body image discrepancy
BID assesses an individual's visual estimation of their BMI. Participants were shown a series of nine Stunkard body figures 35 (1 presenting the smallest BMI and 9 representing the largest BMI) and they were asked to select the figure that most closely resembled their body size. Data from a study by Bulik et al 36 were used to link a mean BMI to each Stunkard figure. BID was then calculated using the following formula: BID = self-reported BMI -mean BMI for the selected figure. subjective norm SN is the perceived social pressure to engage or not to engage with a behavior, which is influenced by the importance each individual places on their appearance in the eyes of others. SN was calculated by asking the participants to respond to four statements using a four-point Likert scale (with 1 representing total disagreement with the statement and 4 representing total agreement) regarding the following domains: 1) the importance they place on physical appearance compared with others, 2) what health professionals think of them, 3) what relatives think of them, and 4) what people, in general, think of them (eg, "I attach great importance to what others think of me"). A total score was calculated (range: 4-16 points), and the higher the score, the more importance they placed on their appearance in the "eyes of others".
Quality of life
QoL was assessed using a simplified version of the French obesity-specific QoL questionnaire developed by Ziegler et al. 37 Each participant was asked to evaluate 14 statements about their life on a 4-point Likert scale (with 1 representing total disagreement and 4 representing total agreement). The 14 statements (eg, "Because of my weight, I have trouble to dress or undress") were equally divided between physical aspects of life and psychosocial aspects of life. A French obesity-specific QoL questionnaire was used to calculate the participants' physical dimension of QoL scores (PHY-QoL) and psychosocial dimension of QoL scores (PSY/SOC-QoL) by summing the points for each relevant item (range: 7-28 points). The total score (ie, TOT-QoL) was also calculated (range: 14-56 points). The higher the scores, the better the QoL.
covariates
The demographic and socioeconomic characteristics were: gender, age (years), subjective economic status (low or high), level of education (primary, secondary, or tertiary), household size (1 or .1), and perceived health (good or bad).
Analysis
The quantitative variables were summarized using medians and interquartile ranges. Nonparametric Kruskal-Wallis test was used to compare the values between subgroups. Normality was assessed using the Shapiro-Wilk test.
The mediation effect was tested using the product of coefficients approach. 23 As shown in Figure 1 , the total effect of BMI on QoL was decomposed into direct and indirect (mediated) effects. The indirect effect was calculated as the product of two estimated regression coefficients, ˆâ b. A bootstrapping method was used to test the hypotheses about mediation effects due to the skewness of the sampling distribution of the indirect effect. 38 A statistically significant indirect effect implies the presence of mediation. There is "partial mediation" when the direct effect is statistically significantly different from zero and "complete mediation" if it is not. The completely standardized indirect effect was used to measure the effect size of mediation. All the modeling analyses were adjusted for the demographic and socioeconomic covariates. As recommended in the literature, 20 ,32 the mediation and moderation effects were tested separately for men and women. Results were considered statistically significant at the 5% critical level (P,0.05). The statistical analyses were carried out using SAS software (version 9.4 for Windows) (SAS Institute Inc., Cary, NC, USA), and the mediation and moderation analyses were performed using the SAS PROCESS macro. Table 2 . BMI was negatively associated with PHY-QoL, PSY/SOC-QoL, and TOT-QoL in both men and women (P,0.0001). Statistically significant indirect effects were observed for SN for PHY-QoL, PSY/SOC-QoL, and TOTQoL only in women, indicating the role of SN as a mediator in the relationship between BMI and QoL. The indirect effects of BMI on PHY-QoL, PSY/SOC-QoL, and TOT-QoL were 
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Pétré et al statistically significant for both males and females. These results remained consistent when BID and SN were both used in the models. The mediation effects were found to be partial effects because the direct effect of BMI on QoL remained statistically significantly different from zero. Effect size testing showed very low values, indicating that the actual associations were weak despite being statistically significant. The findings of the moderation analysis are shown in Table 3 . Based on the results of the interactions between the coefficients, BID and SN, when considered together or separately, were found to be moderators of the relationship between BMI and PSY/SOC-QoL, except for SN in women when considered separately. The association between BMI and QoL was higher when the values of BID or SN increased, indicating that a greater underestimation of BMI and a greater importance placed on an individual's appearance in the eyes of others enhanced the strength of the association between higher BMI and lower PSY/SOC-QoL. When used in the model separately, SN was also a moderator of the relationship 
Discussion
This study aimed to investigate whether BID and SN are mediators and/or moderators of the BMI-QoL relationship, while taking into account the gender differences. The mediation/moderation tests based on Hayes' method showed that the relationships between BMI and PHY-QoL, PSY/SOCQoL, and TOT-QoL were partially mediated by BID in both males and females and by SN in females. Moreover, BID and SN played the role of moderators between BMI and PSY/ SOC-QoL in males and females (except for SN in women when considered separately), and SN was also a moderator of the relationship between BMI and TOT-QoL in males (when used without BID in the models).
Next, the findings related to the demographic and socioeconomic factors are discussed and subsequently, the results of the mediation and moderation tests are discussed along with the relative prospects.
The variables studied, except for PHY-QoL, were shown to increase with age. As obese subjects get older, they become more comfortable with their BI and SN, the importance of their appearance in the eyes of others becomes smaller, and their PSY/SOC-QoL also improves. Seidell et al 40 showed that the association between BMI and subjective health was much more pronounced at younger ages. In contrast, increasing age was associated with deterioration in PHY-QoL, which may be explained by the double burden on the participants' musculoskeletal systems, namely, aging and their potentially more extensive experience living with obesity.
Women seem to be more affected by the perception of their weight than men. The tendency of women to be more concerned about weight-related issues is well known. It was confirmed in this study by the greater importance attached to their appearance in the eyes of others and their worse PSY/ SOC-QoL. Moreover, women were more accurate than men in identifying the correct Stunkard figure for their BMI, as supported by other studies. 41, 42 Befort and Rickard 43 found that women are more influenced by all types of feedback than men, because they tend to look for evidence of their competence. Moreover, women, in particular, seem to be more preoccupied with their physical appearance and to focus on the current beauty ideals, which can lead to body weight dissatisfaction and excessive attention paid to BI. [44] [45] [46] The results confirm the results of previous studies that have highlighted the role of social support in buffering obesity-related impairments in WR-QoL 47, 48 as well as the role of socioeconomic status which had been demonstrated shown to have a strong negative impact on QoL, especially in obese individuals. 49, 50 Perceived health was also negatively associated with all the outcome variables. The median BMI was 4 kg/m² higher for those who perceived their health to be good, which may explain the influence of perceived health on the other outcome variables. However, based on the descriptive results, it is difficult to come to any conclusion about the effect of perceived health on the other outcome variables: differences between the groups which perceived their health to be good and those which perceived their health to be bad could be attributed to the difference in BMI or to the perceived health variable itself or to the other variables that are associated with the perceived health variable.
Nevertheless, overall, the descriptive results discussed above indicate the need to take into consideration demographic and socioeconomic variables as control factors when studying mediation/moderation effects, as followed in a previous study. 51 It was hypothesized that BID and/or SN were mediators and/or moderators of the relationship between BMI and QoL, and, if they were, this could lead to new therapeutic strategies that target QoL rather than BMI. BID was found to be a partial mediator of the relationship between BMI and PHY-QoL, PSY/SOC-QoL, and TOT-QoL and a moderator of the relationship between BMI and PSY/SOC-QoL in both genders. This dual effect of BID is of major importance as it better explains the role of BID as a novel determinant in the obesity epidemic. 52 The mediation effect of BID may be interpreted as follows: to preserve their QoL, individuals tend to underestimate their BMI as a psychological protective mechanism, which is consistent with the results obtained by Hayward et al. 20 The moderator effect is more difficult to interpret as, for people who markedly underestimate their BMI, the link between a higher BMI and a lower QoL seems to be stronger. Part of the interpretation of the results could involve the tendency for most obese people, and particularly very obese people, to be in denial about their weight, 53 that is, they refuse to see themselves as obese and, therefore, fail to identify the correct Stunkard figure. In addition, in a previous study, the authors postulated that males may see themselves as "big and strong" rather than "fat" and this viewpoint may protect them from BI dissatisfaction. 54 
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Pétré et al For example, dance therapy would be especially suitable for improving body perception. 55 Based on the results, SN is a partial mediator of the relationships between BMI and PHY-QoL, PSY/SOC-QoL, and TOT-QoL in women and a moderator of the relationship between BMI and both PSY/SOC-QoL and TOT-QoL in men. BMI causally influences SN in women. A previous study demonstrated how women adhere to the SN that involves placing a great deal of importance on thinness. 45 Therefore, it can be hypothesized that, in order to protect their QoL, people tend to give less importance to the eyes of others until SN plays a mediation role between BMI and QoL. The role of SN is not so large for men, and SN only acts as a moderator: in men who place a large importance on SN, the link between a higher BMI and a lower QoL is stronger, which indicates that men are not indifferent to the eyes of others.
Testing BID and SN together confirms their roles in the BMI-QoL relationship and strengthens the evidence regarding the importance of using multiple weight management indicators. The results also show that the relationship between BMI and PSY/SOC-QoL is more affected by the variables studied than the relationship between BMI and PHYS-QoL, which can be explained by the psychosocial nature of BID and SN.
Interpreting mediation and moderation effects is challenging because they must be supported by theory. 56 Further research is needed to explain the results of this study. Qualitative studies could be used to gain an understanding of patients' experiences and perspectives, and analysis by BMI categories would be useful to provide detailed explanations according to the patient's BMI.
The results of this study should be put into perspective with those of other studies that explored the mediating or moderating variables in the relationship between BMI and QoL. Vilhena et al 51 explored the mediating role of stigma on the relationship between positive/negative affect and QoL in obese patients in Portugal. Cox et al 19 showed how BI dissatisfaction helped WR-QoL in 149 black women in the US. These results emphasize the consideration of individuals' everyday experiences of their obesity and how these experiences affect their QoL. Further studies are needed to understand what enables individuals to better preserve their QoL and mental health, and to determine the most appropriate treatments and management strategies.
Several public health and clinical implications arise from these studies. This study results reflect the model of health determinants and their complex interactions, a system in which psychosocial factors have a special place. 57 Health care providers require training to encourage them to develop accurate attitude about BI satisfaction in obese patients.
This study has several limitations. The survey involved voluntary participation; so, the sample is not necessarily representative of the target population. However, the participants were not seeking weight loss treatment (as is often the case in studies on obesity and QoL), which means that the results are more likely to be generalizable. The study was cross sectional in nature, and confirmation of the mediating/moderating effects would require longitudinal studies and experimental designs to better interpret the influences between the variables. 21 The coefficient of determination, R², showed that the variables under study poorly predicted QoL (the highest R² was 0.45), indicating that other covariates are needed in future investigations. BMI was self-reported, and thus was only as accurate as the participants' responses. The number of respondents to the survey allowed a satisfactory distribution of individuals in all the BMI categories for statistical analysis. Most studies on the QoL of obese individuals are based on smaller sample sizes and/or restricted age ranges. However, a large sample can be problematic as cautious interpretation is required, because highly statistically significant results (due to the large sample size) are not necessarily clinically meaningful. Indeed, measurement of effect sizes indicated the weak nature of the effects.
Conclusion
The findings suggest that strategies that target only BMI may not be sufficient to improve the QoL of overweight and obese individuals, and that other variables, including perceptual factors, must be considered in the management of overweight and obesity. More health education is needed to address issues related to overweight, obesity, and body weight perception.
